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Introduction
Maturation of the hypothalamo-hypophyseal axis during the peripubertal period is characterized by a progressive increase in secretion of luteinizing hormone (LH) in heifers (Schams et al, 1981; Day et al, 1987) . Secretion of gonadotrophins is inhibited by factors originating from the ovaries before puberty. After ovariectomy, secretion of LH and follicle-stimulating hormone (FSH) is increased in prepubertal heifers, but returns to baseline values if oestradiol is administered (Schillo et al, 1982; Day et al, 1984; Wolfe et al., 1989) . However, the ability of oestradiol to suppress LH and FSH secretion is reduced at puberty. Steroid feedback on gonadotrophin secretion has been postulated to be mediated in part by opioid neuropeptides. Inhibition of LH secretion by oestradiol is reversed by administering an opioid antagonist (Whisnant & Goodman, 1988) . Opioids inhibit pulsatile LH secretion in prepubertal ewe lambs (Ebling et al, 1989) and opioid regulation of LH secretion does not change during sexual maturation. Decreases in sensitivity to oestradiol inhi¬ bition of LH secretion during sexual maturation are not due to changes in opioid modulation of the putative LH pulse generated in ewe lambs (Ebling et al, 1989) . In contrast, opioid inhibition of LH secretion declines as female rats near puberty (Blank et al, 1979; Bhanot & Wilkinson, 1983a (013, 0-25, 0-50 and 0-75 mg kg-1 body weight) were administered to heifers in the two groups in a latin square design with one dose being administered per day. These doses were based on previous research in sheep (Malven et ai, 1984; Mathews & Murdoch, 1984) . The low doses were used (lower than previous studies) to discriminate responses between different ages more clearly. Naloxone administration was repeated in heifers treated with oestradiol when heifers were 447, 468 and 488 days of age. At 516 days of age, both groups of ovariectomized heifers were administered naloxone. Gonadotrophin secretion was therefore evaluated at five different ages in heifers from the ovariectomized and oestradiol treated group. Gonadotrophin secretion was not evaluated in sham implanted heifers at the three inter¬ mediate times because a steroid-independent change in gonadotrophin secretion is not observed in heifers during the peripubertal period (Day et ai, 1984; Wolfe et ai, 1989 
Control heifers
Five heifers (matched by age and weight with the ovariectomized heifers) remained intact to monitor time of puberty. Single blood samples were collected two times each week by jugular venepuncture for determination of serum progesterone concentrations. These samples were immediately placed on ice and centrifuged within 24 h. Puberty was defined as the first rise in serum progesterone greater than 1 ng ml" ' of serum for a duration of at least 12 days followed by subsequent luteal phases (rises in progesterone).
Hormone assays
Concentrations of LH in serum were determined by radioimmunoassay (Adams et ai, 1975; Wolfe et ai, 1989) using an antiserum against ovine LH (TEA-RaOLH no. 35), highly purified iodinated ovine LH (LER-1056-C2) as labelled hormone, and NIH-LH-B7 as standard. Intra-and interassay coefficients of variation were 3-2 and 15%, respectively. The limit of detection for LH was 23-8 pg ml" · of serum.
Antiserum made against ovine FSH (JAD-RaOFSH no. 17-6,7,9) and highly purified ovine FSH (LER-1976-A2) as labelled hormone and standard were used in the FSH radioimmunoassay (Acosta el ai, 1983; Wolfe et ai, 1989) . Intra-and interassay coefficients of variation were 2-2 and 2-5%, respectively, and the limit of detection was 550 pg ml"1 of serum.
Concentrations of oestradiol were determined in the pool of serum formed from serial samples collected before administration of naloxone (pool 1). All samples were analysed in a single assay that had an intraassay coefficient of variation of 1-5% and a limit of detection of 1-25 pg ml" ' of serum (Deaver et ai, 1988; Wolfe et ai, 1989) .
Serum progesterone concentrations were analysed for control heifers using immunoreagents obtained from Serono Diagnostics, Inc. (Norwell, MA) as validated in our laboratory (Wolfe et ai, 1989) . The intra-and interassay coefficients of variation were 3-5 and 8-8%, respectively. (1985) . Two analyses were performed on the data. First, the effect of dose of naloxone and time were analysed in ovariectomized heifers administered oestradiol alone. The effects of dose of naloxone, time and treatment with oestradiol were then analysed using data from the first and last bleeding periods from both groups of ovariectomized heifers.
Results

Controls
Mean onset of corpus luteum function (puberty) in control heifers occurred at 465 ± 12 days of age (mean ± sem). The average age of puberty of heifers in the control group occurred between the second and third times of naloxone administration to heifers from the ovariectomized and oestradiol treated group.
Concentrations of oestradiol in ovariectomized heifers administered sham implants were below the sensitivity of the assay. Mean concentration of oestradiol in ovariectomized heifers adminis¬ tered oestradiol implants was 2-5 + 0-2pgml-1 of serum (range 2-2 to 3-2 pg ml"1). These concen¬ trations are similar to concentrations observed in intact heifers of similar age in a previous study using the same assay system (Wolfe et al, 1989 (Fig. 2 ) differed between treatments (P < 001) and across time (P < 001). The percentage increase in LH as a result of naloxone administration declined across time (P < 005) in ovariectomized heifers treated with oestradiol (Fig. 2) Administration of naloxone induced an increase in serum FSH in ovariectomized heifers implanted with oestradiol at 426 days of age (P < 001; Fig. 3 ), but not at subsequent ages. Similar results were obtained when the data were expressed as percentage deviation in FSH (Fig. 4) . The percentage change in the deviation for FSH as a result of naloxone administration was significant in heifers treated with oestradiol only at 426 days of age (P < 005).
Discussion
Our data on the attenuation of negative feedback by oestradiol on secretion of LH and FSH during the peripubertal period of the heifer confirm previous reports (Schillo et al, 1982; Day et al, 1984; Wolfe et al, 1989) . The diminution of oestradiol feedback on gonadotrophin secretion occurred during the time when intact heifers were passing from the pre-to postpubertal state. A similar decline in oestradiol feedback on gonadotrophin secretion has been reported in rats (Docke et al, 1984a; Docke et al, 1984b) and sheep (Foster & Ryan, 1979) . Opioid inhibition appeared to require the presence of oestradiol. However, sham-implanted heifers responded to naloxone with an increase in LH three weeks after ovariectomy, although at a lower level than the response in heifers treated with oestradiol. This response was surprising because gonadal steroids should have been cleared from the circulation by three weeks after ovariectomy. Most studies conducted to date have provided data that indicate that inhibition of LH by opioids requires the presence of steroids. A response to naloxone was not observed at the end of the study in ovariectomized heifers. Although it is difficult to determine from this study, it is possible that opioids may have a minor inhibitory effect on secretion of LH through a steroidindependent mechanism that changes with sexual maturation. Steroid-independent opioid inhi¬ bition of LH secretion occurs in ewe lambs, but it does not change with sexual maturation (Ebling et al, 1989) .
In ovariectomized heifers treated with oestradiol, naloxone administration resulted in an increased secretion of LH before and after the time when control heifers attained puberty. A time by treatment (response to naloxone) interaction was not observed when the data were expressed as the absolute deviation from the preinjection values. This suggests that opioids do not have a major role in the decline in oestradiol inhibition of gonadotrophin secretion that occurs during the peri¬ pubertal period of heifers. However, the overall response of LH to naloxone appeared to decline from the first to fourth blood collection (the only period in which LH did not respond to naloxone). This corresponds to the peripubertal period in control heifers. Interestingly, by the fifth period of blood collection when all control heifers had attained puberty, LH was again responsive to admin¬ istration of naloxone. Similar data and interpretations have been presented for prepubertal ewe lambs. Administration of multiple injections of naloxone to ovariectomized ewe lambs receiving oestradiol increased both mean concentrations of LH and the frequency of LH pulses (Ebling et al, 1989) . However, response to naloxone did not change during sexual maturation in these ewe lambs. In other studies with prepubertal ewe lambs, administration of naloxone increased LH concen¬ tration in circulation at 20, 25 and 30 weeks of age but had no effect at 5, 10 and 15 weeks of age (Rawlings & Churchill, 1990 (Ieiri et al, 1979; Bhanot & Wilkinson, 1983b; Sylvester et al, 1985) . An age-related decrease was observed in the ability of a met-enkephalin analogue to inhibit secretion of LH in immature female rats (Bhanot & Wilkinson, 1983b) . Higher concentrations of this opioid neuropeptide analogue were required to obtain 50% inhibition of LH as rats neared the time of puberty. A similar result is observed in prepubertal ewe lambs upon close examination of the data (Ebling et al, 1989) . Before puberty secretion of LH before naloxone treatment was low, whereas after puberty pre-naloxone secretion of LH was high, which is similar to data in the present study. Although the absolute change in LH after adminis¬ tration of naloxone did not change during sexual maturation of these ewe lambs, if expressed as percentage deviation, a decline in responsiveness to naloxone would probably have been observed.
We suggest that the percentage deviation data make an alternative and possibly a more meaning¬ ful comparison between treatment groups and across time. This is because concentrations of LH before administration of naloxone vary substantially. We have used the percentage deviation analysis to adjust for these differences. Opioid inhibition of LH occurred during the oestrous cycle of yearling heifers and ewe lambs, but not in mature cows and ewes (Mahmoud et al. 1989; Schall et al, 1991 (Figs 1 and 3) . In most instances, the 013 mg kg"1 dose of naloxone induced a similar response to the 0-75 mg kg"1 dose. If naloxone induced an increase in LH secretion, the magnitude of the increase appeared to be similar to all doses of naloxone adminis¬ tered and across all ages. The results of this study are similar to previous results (Bhanot & Wilkinson, 1984; Sylvester et al, 1985) in that administration of various concentrations of naloxone to immature female rats resulted in an all or none response. Collectively, these data suggest that even if a broader dose-response curve had been used in the present study a dose-response relationship would not have been detected.
Administration of naloxone resulted in a larger increase in concentrations of LH than of FSH, particularly when percentage deviation in gonadotrophins are examined. This is consistent with previous work in both prepubertal and postpubertal rats (Bhanot & Wilkinson, 1984; Allen et al, 1988) and during the oestrous cycle in ewes (Currie & Rawlings, 1987) . Administration of naloxone allowed an increase in secretion of LH, but had little or no effect on secretion of FSH. Together these data suggest that different mechanisms may be modulating the secretion of LH and FSH.
In summary, opioid neuropeptides have inhibitory effects on gonadotrophin secretion in heifers before and after puberty. As oestradiol inhibition of gonadotrophin secretion declines opioid inhi¬ bition of gonadotrophin secretion may also decline. In conclusion, these data implicate a link between opioid neuropeptides and negative feedback by oestradiol on gonadotrophin secretion during peripuberty in heifers.
